Yield per plant and other characteristics of soybean...
INTRODUCTION
Soybean [Glycine max (L.) Merril] is considered the most important food legume in the world. Brazil, the second biggest world producer, has an outstanding level of productivity compared to other countries. However, there are still some factors that could boost crop yield beyond established levels. Several promising studies have indicated that the application of plant growth regulators to the leaf could increase crop yield levels (LIU et al., 2004; YASHIMA et al., 2005; NONOKAWA et al., 2007; PASSOS et al., 2008) .
The potential yield of the soybean crop is mainly influenced by the production, fixing and transformation of the reproductive structures into pods with the grains, thus the spatial dynamics of these structures need to be studied and correlated with yield (PIRES et al., 2000) .
In this plant species, a large number of flowers and pods are aborted natura lly, representi ng a si gn i fi ca n t a n d n ega t i ve i m pa ct on t h e yi el d (NONOKAWA et al., 2007) . Reducing these losses is an important way to raise the yield of this crop (KOKUBUN; HONDA, 2000) . The cytokinin and their exogenous analogues play a crucial role in decreasing flower abortion, increasing pod setting and the individual weight of the seeds, resulting in a greater crop yield (YASHIMA et al., 2005; NONOKAWA et al., 2007) .
In spite of positive results regarding the isolated use of exogenous cytokinin, in terms of increasing grain yield in soybean crops, there are few studies concerning its effects under Brazilian conditions and few studies have been carried out in the field.
Various factors, such as the concentration of the plant growth regulator (NASCIMENTO; MOSQUIM, 2004); cultivar (CHO et al., 2002) ; and plant nutrition (CUQUEL et al., 2002) can interfere on the effects of the cytokinin and their exogenous analogues when applied to soybean plants. Nelson et al. (2005) tested several concentrations and application times of potassium on soybean leaves for two years and concluded that foliar spraying can be an excellent method of supplementary fertilization when edaphoclimatic conditions do not favor the satisfactory uptake of potassium from soil, thus resulting in yield increases.
The study aimed to observe the effects of applying kinetin (associated -or not -with potassium nitrate) to the leaf during the reproductive phase, on crop yield and on some agronomic characteristics of the soybean plant.
MATERIAL AND METHODS
The experiment was carried out at Milanez Farm, located in the municipality of Itutinga, latitude 21º23'29,8" S, longitude 044º39'13,2", mean altitude 958 m, in the State of Minas Gerais, Brazil. The study was carried out in a Cambissol type soil, with a clay texture (53% clay) corrected, with two years cropping and was therefore considered a medium to high fertility soil, as shown in the data in Table 1 .
Sowing fertilization was made according to soil analysis and interpretations according to Ribeiro et al. (1999) , using 400 kg ha -1 of the 0-30-10 formula. The soybean seeds were inoculated before sowing with Bradyrhizobium japonicum, using the minimum proportion of 1,200,000 bacteriaS per seeds. Sowing took place on 2005/11, the start of the growing season, using 18 seeds per linear meter, that were later thinned and the first stand standardized to 15 plants per linear meter, aiming for an ideal population of 300,000 plant per hectare.
A randomized block experimental design was used, in a 4 x 5 factorial scheme with three replications, consisting of five kinetin concentrations (0, 250, 500, 750 and 1,000 mg ha -1 ) and four potassium nitrate concentrations (0, 5, 10 and 15 kg ha -1 ) applied to the leaf at the R3 phenological stage of pod formation using a carbon dioxide pressure spray at constant 2.8 kgf cm -² pressure and a 200 L ha -1 solution volume. At zero concentration, water was applied as the control. The kinetin used was manufactured by the Sigma-Aldrich Corporation. A stock solution was prepared, diluted in 0.5 normal HCl and the volume was completed wi th dem in er al iz ed wat er a nd kept refrigerated at 0°C until the application in the field. For the potassium salts, potassium nitrate was used, manufactured by Merck, Darmstadt, Germany and as an adjuvant, Natur'l Óleo  at 0.5% v/v. The BRSGO Luziânia cultivar was used because of its high productive potential in the national and Minas Gerais State soybean cropping scenarios. The cultivar belongs to the medium maturation group, demands high soil fertility, has determined growth and is resistant to lodging.
The plots in the field consisted of four 0.5m rows with 0.5 m between-row spacing and the two external rows and 0.5 m from the end of each of the central rows were removed as border, corresponding to an area of 4 m² useful plot.
The plants were mapped, assessing the pod distribution on the profile of the plant, dividing it into upper, middle and lower parts. At the R8 phase (maturation), the plant yield was estimated by sampling ten plants from the useful rows. Yield per plant and other characteristics of soybean...
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Ciênc. agrotec., Lavras, v. 35, n. 5, p. 965 -972, set./out., 2011 Significant at 5 and 1%, respectively, by the F test.
The data obtained in the different assessments was submitted to the F test using the SISVAR ® program (FERREIRA, 2008) . Significant effects were submitted to regression analysis.
Correlation analysis was made for various components and agronomic characteristics, including yield to infer the main aspects of its determining factors. In the correlation analysis, the t test was used among the several response variables assessed, using the SAS ® program.
RESULTS AND DISCUSSION
The analysis of variance (Table 2) shows that kinetin application resulted in a significant effect on some characteristics assessed, such as the number of pods on the lower third (LI) and the mid-third of the canopy (LM) and seed production per plant (PP).
Unlike the kinetin, the potassium nitrate, when applied to the leaf at the reproductive stage (R3), did not present a significant effect on the characteristics assessed in the crop. The same was observed regarding the interaction with kinetin.
Potassium fertilization on soybean has shown, over the years and in several locations, inconsistent results in yield increase and there have often been no increases (MASCARENHAS et al., 1994) . Several factors can explain the absence of a response from soybean plants to the application of potassium to the leaf. Sacramento e Rosolem (1998) , in studies in nutritive solution, showed that factors such as age, cultivar and the nutritional levels of potassium in the plant in can affect the efficiency and the use index of this element. Nelson et al. (2005) reported that the use of potassium applied to the leaf could be a good option for supplementary fertilization but only when the edaphoclimatic conditions were not favorable as it was more efficient in earlier application periods, between V4 Table 2 -Summary of the analyses of variance of the data for the number of lower pods per plant (LP), number of middle pods per plant (MP), number of upper pods per plant (UP), seed production per plant (PP) and, grain yield (Y) obtained in the kinetin and potassium nitrate concentration experiment on soybean plants.
and R2, and they observed that application in R3-R4 presented the least productivity.
Kinetin applied to the leaf resulted in significant gains in the number of set pods on the plants, with increases mainly from the effect of the kinetin on the pods positioned on the lower (LP) and middle (MP) thirds of the canopy (Table 2) .
It is inferred from these results that applying synthetic cytokinins to the soybean crop is a way of increasing pod setting and consequently the yield, that is corroborated by the literature (CARLSON et al., 1987; DYER et al., 1987; MOSJIDIS et al., 1993; NAGEL et al., 2001; CHO et al., 2002; LIU et al., 2004; YASHIMA et al., 2005; NONOKAWA et al., 2007; PASSOS et al., 2008) .
The main hypotheses by which the pods abort result from a deficiency of photoassimilates or cytokinins in the pods (LIU et al., 2004) and exogenous kinetin application increases the endogenous levels, generating an increase in the sink force on the organs treated, possibly because of an increase in the cell division rate (MOSJIDIS et al., 1993) . Productivity losses in the soybean crop are mainly due to the increase in the pod abortion rate of the plants, resulting in lower grain yield per area unit (PIRES et al., 2000; LIU et al., 2004) .
The regression of the data of middle pods per plant showed a positive linear effect of the different kinetin concentrations used (Figure 1 ). On average, kinetin application resulted in an increase of 14.6% (4.7 pods per plant) reaching maximum values of 8.8 pods per plant (increase of 27.4%) when the highest concentration, 1.000 mg ha -1 kinetin, was used. There was no significant effect of applying kinetin on the number of pods in the upper third of the canopy of the crop, as shown in the data in Table 2 Kinetin concentrations (mg ha -1 )
Pods per plant sink force is not increased by kinetin application (NELSON et al., 1961) . Another point to consider is that the upper third is the most exposed part of the plants to climatic and biotic disturbances that may have negatively influenced the obtaining of beneficial results from kinetin application. Taiz end Zeiger (2004) reported that transgenic plants that had higher endogenous cytokinin concentrations had shortened internodes and roots possibly because of an excess of cytokinins resulting in ethylene production. Being a gas, the ethylene may have percolated into the plant canopy and affected the upper third of the plant, negatively influencing pod setting in this region.
A quadratic response model to the kinetin concentrations applied to the leaf fitted the data of pod number on the lower third of the canopy, presenting a point of maximum number of pod in the lower third of the canopy (7.8 pods plant -1 ) with the use of the 508.9 mg ha -1 kinetin concentration (Figure 2 ). In the results found, increases were observed of up to 17.6% in the number of pods, compared to the control treatment. On average, kinetin application resulted in increases of 7.9% compared to the control. Concentrations higher than 508.9 mg ha -1 resulted in a fall in the number of pods, possibly due to the fact that high kinetin concentrations induce greater activity in the cytokinin oxidase enzyme due at least in part to the increase in RNA levels in a gene subgroup (TAIZ; ZEIGER, 2004) . Dividing up the applications could be a way to diminish this effect. These results were similar to those obtained by Nagel et al. (2001) who studied the variation in the cytokinin concentration applied on the number of pods per plant, total number of seeds per plant and total weight of seeds per plant, and reported a negative quadratic curve as response, that showed that high concentrations had a negative effect on these variables.
There was increase in yield per plant when treated with kinetin (Table 2) , and an average increase of 16% (2.9 g plant -1 ). The use of higher concentrations resulted in an increase of 27.1% in seed production per plant (4.9 g plant -1 ) ( Figure 3) .
These increases were consistent with data in the literature, observed in soybean plants by various authors, under prot ected and field cropping condit ions (CARLSON et al., 1987; DYER et al., 1987; MOSJIDIS et al., 1993; NAGEL et al., 2001; CHO et al., 2002; LIU et al., 2004; YASHIMA et al., 2005; NONOKAWA et al., 2007; PASSOS et al., 2008) .
The highest kinetin concentrations resulted in the highest yields. A possible explanation for these results may be the fact that the cytokinins become divided inside the leaf and are therefore unavailable for activity, as occurs with inactive glucoside cytokinins from the roots that accumulate themselves in leaves and seeds (TAIZ; ZEIGER, 2004), and higher cytokinin concentrations need to be used for this to be free and active after certain concentrations.
An important role of cytokinins is promoting leaf expansion. Thus any positive variation in the leaf area increases the formation of photoassimilates necessary for grain swelling, giving significant increases in the yield.
Another point to consider is that cytokinins regulate, among other factors, photosynthesis pigment and protein synthesis. This fact may directly influence the balance of the net photosynthesis, resulting in a greater photoassimilate production, expressed in a greater grain yield.
In addition to the greater photoassimilate production due to the higher photosynthesis rate (because of the increase in leaf area and the chlorophyll contents) the use of these reserves is important in the parts of economic interest, which in the case of soybeans, are the grains. In this sense, the capacity of the cytokinins to regulate the source sink ratio may play an important role in the increase in productivity of the plants, by setting pods and increasing dry matter accumulation in the grains during the R3 phase, as was observed in the present study.
The linear correlation coefficient is the most recommended way to measure the ratio between independent variables, such as agronomic characteristics and yield. Table 3 shows the simple correlation estimates (r) for several combinations of the various characteristics studied, such as plant height, height of insertion of the first pod, number of seeds per pod, total of pods per plant, lower pods per plant, middle pods per plant, upper pods per plant, weight of 1,000 seeds and yield per plant with yield.
*, ns significant at 5% and not significant (t-test).
* and ** significant at 1 and 5%, respectively, by the t-test. Increases in yield per area or per plant occurred specifically because of the increase in the number of total pods per plant, as a result of the application of kinetin, as shown in Table 3 and Figure 4 .
Agronomic characteristics
The middle and upper thirds of the soybean canopy contributed most to the soybean grain yield, because of the greater presence of reproductive structures (pods) in the plants in R8. The middle third represented about 57.6% of the total number of pods produced on the plants, and under the influence of the kinetin, correlated highly with the total of pods produced and, consequently, on yield (Table 2 and 3 and Figure 4 ).
The weight of 1,000 seeds did not correlate with the increase in yield, possibly because of the low levels of increase provided by kinetin (1% on average). However, significant correlation was observed for production per plant for weight of 1,000 seeds (Table 3) .
Photoassimilates were probably most used to set the majority of pods and consequently in the greater seed production per plant, indicating that the plant reserves were not sufficient to permit the grain weight to be correlated significantly with productivity. Figure 4 shows that even though the number of pods on the lower third of the plant experienced a positive ).
effect from kinetin application (Table 2) , its contribution to the increase in productivity was low (r=36.47%), possibly because it represented only 12% of the total of pods set on the plant. On the other hand, although it was not significantly influenced by the kinetin, the number of upper pods presented a high and significant correlation with plant productivity.
CONCLUSIONS
Kinetin application is a promising production technology for soybean crops, because it results in significant increases in the number of pods on the lower third per plant, middle third per plant and on seed production per plant.
The increase in productivity from kinetin application mainly occurs due to the increase in the number of pods per plant, and this was driven mainly by the increase in the number of pods set on the middle third of the canopy of the plant.
Potassium nitrate applied to the leaf at the R3 phase is not recommended as an efficient practice, because it did not affect any of the characteristics evaluated.
